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(54) TRACKING CONTROL APPARATUS AND METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a tracking control apparatus and method 
based on a 1-beam method which enables adaptively setting of the optimum 
servo coefficient for each optical disc. 

SOLUTION: A difference (E-F) between signals E and F and a sum (E+F) thereof 
from terminals 1 1 and 12 are found by an subtraction amplifier 13 and an 
addition amplifier 14 to find a standardized push/pull signal NPP =(E-*)/(E+F) 
with a division circuit 20. The amplitude of the signal is detected by a signal 
amplitude detection circuit 30 and sent to a coefficient calculation circuit 50 
through an A/D conversion circuit 40 to set a tracking servo coefficient K 
according to the amplitude of the NPP signal. A moving value signal CSL of an 
objective lens generated by top hold circuits 65 and 66 and a subtraction 
amplifier 70 is multiplied by the coefficient K using a multiplication amplifier 80 to 



make a cancel signal, which is subtracted from a pushpull signal PP by a 
subtraction amplifier 99. Thus, the offset of the signal PP is cancelled to obtain 
the optimum tracking error. 
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CLAIMS 



[Claim(s)] 

[Claim 1] By deducting the cancellation signal with which the multiplication of the 
correction factor was carried out from the push pull signal acquired from the 
return light of the light beam irradiated by the optical disk In the tracking control 



unit which cancels offset of the tracking error signal produced according to 
migration of an objective lens or migration of the exposure location of the light 
beam on an optical disk A movement magnitude signal detection means to detect 
the movement magnitude signal produced according to the movement magnitude 
of an objective lens, or the movement magnitude of the exposure location of the 
light beam on the above-mentioned optical disk, A correction factor setting 
means to set up the correction factor by which multiplication is carried out to the 
above-mentioned movement magnitude signal according to the amplitude of the 
above-mentioned push pull signal, A cancellation signal generation means to 
carry out the multiplication of the above-mentioned correction factor by which a 
setup is carried out to the above-mentioned offset component, and to generate a 
cancellation signal, The tracking control unit characterized by having a tracking 
error signal generation means to deduct the above-mentioned cancellation signal 
from the above-mentioned push pull signal, and to generate a tracking error 
signal. 

[Claim 2] It is the tracking control unit according to claim 1 which is further 
equipped with a push pull signal standardization means to do the division of the 
above-mentioned push pull signal, and to standardize it by the total signal 
according to the total amount of incident light to the photodetector which detects 
the above-mentioned return light, and is characterized by the above-mentioned 
correction factor setting means setting up the above-mentioned correction factor 
according to the amplitude of the push pull signal by which standardization was 
carried out [ above-mentioned ]. 

[Claim 3] The above-mentioned correction factor setting means is a tracking 
control unit according to claim 2 characterized by setting up the above-mentioned 
correction factor as a function value which makes a variable the amplitude of the 
push pull signal by which standardization was carried out [ above-mentioned ]. 
[Claim 4] The above-mentioned push pull signal standardization means is the 
tracking control unit according to claim 2 carry out obtaining the push pull signal 
by which standardization was carried out [ above-mentioned ] as the description 



by doing the division of the push pull signal which detects with the photodetector 
which has the light-receiving side divided or more into two to the above- 
mentioned truck direction in change of the return quantity of light produced in 
case the above-mentioned light beam by which an exposure is carried out 
crosses the truck on an optical disk, and acquires by the total signal from the 
photodetector. 

[Claim 5] The acquired push pull signal in which the above-mentioned push pull 
signal standardization means carries out differential detection with the 
photodetector which has the light-receiving side divided or more into two to the 
above-mentioned truck direction in change of the return quantity of light produced 
in case the above-mentioned light beam by which an exposure is carried out 
crosses the truck on an optical disk The tracking control unit according to claim 2 
characterized by acquiring the push pull signal by which standardization was 
carried out [ above-mentioned ] by doing a division and standardizing by the total 
signal of the return light from the mirror side of the above-mentioned optical disk 
beforehand held from the detector. 

[Claim 6] The above-mentioned correction factor setting means is a tracking 
control unit according to claim 1 characterized by having a signal amplitude 
detection means to detect the amplitude by top-holding and bottom holding the 
above-mentioned push pull signal. 

[Claim 7] The above-mentioned correction factor setting means is a tracking 
control unit according to claim 1 characterized by detecting the amplitude of the 
above-mentioned push pull signal from the average value of the peak value of 
the signal after carrying out analog-to-digital conversion of the above-mentioned 
push pull signal, and the average value of a bottom value. 
[Claim 8] By deducting the cancellation signal with which the multiplication of the 
correction factor was carried out from the push pull signal acquired from the 
return light of the light beam irradiated by the optical disk In the tracking control 
unit which cancels offset of the tracking error signal produced according to 
migration of an objective lens or migration of the exposure location of the light 



beam on an optical disk A movement magnitude signal detection means to detect 
the movement magnitude signal produced according to the movement magnitude 
of an objective lens, or the movement magnitude of the exposure location of the 
light beam on the above-mentioned optical disk, A correction factor setting 
means to set up the correction factor by which multiplication is carried out to the 
above-mentioned offset component according to the amplitude of a truck wobble 
signal, A cancellation signal generation means to carry out the multiplication of 
the above-mentioned correction factor by which a setup is carried out to the 
above-mentioned movement magnitude signal, and to generate a cancellation 
signal, The tracking control unit characterized by having a tracking error signal 
generation means to deduct the above-mentioned cancellation signal from the 
above-mentioned push pull signal, and to generate a tracking error signal. 
[Claim 9] The above-mentioned correction factor setting means is a tracking 
control unit according to claim 8 characterized by setting up the above-mentioned 
correction factor as a function value which makes a variable the amplitude of the 
above-mentioned truck wobble signal. 

[Claim 10] The above-mentioned truck wobble signal is a tracking control unit 
according to claim 8 which focal control is carried out and is characterized by 
being detected in the condition that tracking control is carried out so that the 
above-mentioned light beam by which an exposure is carried out may focus on 
an optical disk. 

[Claim 11] The above-mentioned correction factor setting means is a tracking 
control unit according to claim 8 characterized by having a signal amplitude 
detection means to detect the amplitude by top-holding and bottom holding the 
above-mentioned truck wobble signal. 

[Claim 12] The above-mentioned correction factor setting means is a tracking 
control unit according to claim 8 characterized by detecting the amplitude of the 
above-mentioned truck wobble signal from the average value of the peak value 
of the signal after carrying out analog-to-digital conversion of the above- 
mentioned truck wobble signal, and the average value of a bottom value. 



[Claim 13] By deducting the cancellation signal with which the multiplication of 
the correction factor was carried out from the push pull signal acquired from the 
return light of the light beam irradiated by the optical disk In the tracking control 
approach which cancels offset of the tracking error signal produced according to 
migration of an objective lens or migration of the exposure location of the light 
beam on an optical disk The movement magnitude signal detection process of 
detecting the movement magnitude signal produced according to the movement 
magnitude of an objective lens, or the movement magnitude of the exposure 
location of the light beam on the above-mentioned optical disk, The correction 
factor setting process of setting up the correction factor by which multiplication is 
carried out to the above-mentioned offset component according to the amplitude 
of the above-mentioned push pull signal, The cancellation signal generation 
process which carries out the multiplication of the above-mentioned correction 
factor by which a setup is carried out to the above-mentioned offset component, 
and generates a cancellation signal, The tracking control approach characterized 
by having the tracking error signal generation process which deducts the above- 
mentioned cancellation signal from the push pull signal by which standardization 
was carried out [ above-mentioned ], and generates a tracking error signal. 
[Claim 14] The tracking control approach according to claim 13 characterized by 
setting up the above-mentioned correction factor according to the amplitude of 
the push pull signal by which has further the push pull signal standardization 
process which does the division of the above-mentioned push pull signal, and 
standardizes it by the total signal according to the total amount of incident light to 
the photodetector which detects the above-mentioned return light, and 
standardization was carried out [ above-mentioned ] at the above-mentioned 
correction factor setting process. 

[Claim 15] The above-mentioned correction factor is the tracking control 
approach according to claim 13 characterized by being set up as a function value 
which makes a variable the amplitude of the push pull signal by which 
standardization was carried out [ above-mentioned ]. 



[Claim 16] By deducting the cancellation signal with which the multiplication of 
the correction factor was carried out from the push pull signal acquired from the 
return light of the light beam irradiated by the optical disk In the tracking control 
approach which cancels offset of the tracking error signal produced according to 
migration of an objective lens or migration of the exposure location of the light 
beam on an optical disk The movement magnitude signal detection process of 
detecting the movement magnitude signal produced according to the movement 
magnitude of an objective lens, or the movement magnitude of the exposure 
location of the light beam on the above-mentioned optical disk, The correction 
factor setting process of setting up the correction factor by which multiplication is 
carried out to the above-mentioned movement magnitude signal according to the 
amplitude of a truck wobble signal, The cancellation signal generation process 
which carries out the multiplication of the above-mentioned correction factor by 
which a setup is carried out to the above-mentioned offset component, and 
generates a cancellation signal, The tracking control approach characterized by 
having the tracking error signal generation process which deducts the above- 
mentioned cancellation signal from the above-mentioned push pull signal, and 
generates a tracking error signal. 

[Claim 17] The above-mentioned correction factor is the tracking control 
approach according to claim 16 characterized by being set up as a function value 
which makes a variable the amplitude of the above-mentioned truck wobble 
signal. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the tracking control unit and the 



tracking control approach of canceling the offset produced to the tracking error 
signal generated using the push pull method especially in the 1 beam method 
about the tracking control of the light beam irradiated by the optical disk. 
[0002] 

[Description of the Prior Art] The optical disk unit which reproduces the signal 
recorded on the optical disk converged, irradiated the light beam in the signal 
side of an optical disk, and is equipped with the optical pickup which receives the 
return light and outputs a regenerative signal and the error (error) signal for 
servoes. 

[0003] In the optical disk with which the spindle of an optical disk unit is equipped 
and by which a rotation drive is carried out, the deflection of the direction of an 
optical axis by the deflection radial [ by the eccentricity of a center hall, the 
eccentricity produced at the time of chucking ], curvature, thickness unevenness, 
etc. has always arisen. For this reason, optical pickup follows in footsteps of the 
deflection of the optical disk accompanying a rotation drive, and it is controlling 
so that the condensing point of a light beam is always irradiated on the truck of a 
signal side. 

[0004] For example, the track pitch is set to 1.6 micrometers, and tracking control 
of the compact disk (CD) is carried out so that the condensing point of a light 
beam may become the range of about **0.1 micrometers from a truck to this. 
Moreover, the deflection width of face of the direction of an optical axis of a 
signal side is permitted to about **0.5mm, and focal control is carried out so that 
a condensing point may become the range of about **1 micrometer from a signal 
side to this. 

[0005] Control of such an exposure location of a light beam is performed by 
making a part of optical system of optical pickup move slightly with an actuator 
according to a control signal etc. This control signal is the tracking error signal 
and the focal error signal which are obtained from the return light from an optical 
disk, and the above-mentioned control is performed by supplying these to servo 
system. 



[0006] As a typical approach for acquiring an above-mentioned tracking error 
signal, the 3 beam method and the 1 beam method are used. 
[0007] The 3 beam method is an approach of arranging a diffraction grating 
(grating) on the outward trip of the light beam irradiated by the optical disk, * 
generating three light beams which consist of the main beams (zero-order light) 
and two side beams (primary [ **] light), and using two side beams for detection 
of a tracking error. By this approach, the photo detector for detecting two side 
beams is arranged on both sides of the photo detector for detecting the main 
beam, and a tracking error signal is acquired from change of the return light of a 
side beam generated according to the amount of gaps from the truck location of 
the condensing point of the main beam irradiated by the truck of an optical disk. 
[0008] On the other hand, the 1 beam method is an approach of irradiating one 
beam at an optical disk and acquiring a tracking error signal from the return light. 
In the optical system using this 1 beam method, optical elements, such as a 
grating needed when using the 3 beam method, are omissible. 
[0009] Drawing 15 shows an example of the optical system of the optical pickup 
obtained in the tracking error signal by the 1 beam method. 
[0010] It is reflected by slant-face 212a of prism 212, it is condensed with a beam 
splitter 222 and an objective lens 223, and the light from the laser diode 21 1 
which is the light emitting device section of the light receiving and emitting 
element 210 constituted on the substrate 217 is irradiated by the optical disk 200. 
Focal control of this condensed optical spot 224 is carried out so that it may be 
located in signal side 200a of an optical disk 200. 

[001 1] The return light from an optical disk 200 passes along an objective lens 
223 again, is a beam splitter 222 and is divided into the optical path which faces 
to a photodetector 225, and the optical path which faces to the prism 212 of a 
light receiving and emitting element 210. 

[0012] The photo detector section of a light receiving and emitting element 210 
has the photodetectors 213 and 215 with the light-receiving side quadrisected, 
respectively, and is constituted, it is reflected further and it carries out incidence 



of the focus 214 also to an epilogue and a photodetector 215 by top-face 212b of 
prism 212 while carrying out incidence of the return light which carried out 
incidence from slant-face 212a of prism 212 to a photodetector 213. 
[0013] He is trying for the photo detector section of this light receiving and 
emitting element 210 to obtain focal error signal FE in this optical system. Here, 
focal error signal FE is obtained by the operation of the following (1) types. 
However, in (1) type, Signal a - Signal d are photodetection signals from each 
light-receiving field a-d of light-receiving Men with which the photodetector 213 
was quadrisected, and Signal e - Signal g presuppose similarly that it is the 
photodetection signal from each light-receiving field e-g of light-receiving Men 
with which the photodetector 215 was quadrisected. 
[0014] 

FE = {(a+d)-(b+c)}-{(e+h)-(f+g)} (1) 

On the other hand, either the above-mentioned photodetector 213,215 or a 
photodetector 225 can acquire the tracking error signal TE by this optical system. 
[0015] For example, when acquiring the tracking error signal TE from a 
photodetector 225, {(i+j)-(k+l)} which is the difference of the photodetection signal 
(i+j) from light-receiving Men's left-hand side light-receiving field and the 
photodetection signal (k+l) from a right-hand side light-receiving field is taken out 
as a push pull signal PP. In addition, below, the case where the tracking error 
signal TE is acquired from this photodetector 225 is explained as an example. 
[0016] Drawing 16 shows the configuration of light-receiving Men of the 
photodetectprs 213,215 and 225 of optical pickup using the 1 beam method who 
illustrated to drawing 15 . 

[0017] Generally the light-receiving side of each of these photodetectors is 
divided or more into two to the direction of a truck of an optical disk 200, and 
shows the example currently quadrisected here. For example, let the light- 
receiving Men from the end be the light-receiving field i, the light-receiving field j, 
the light-receiving field k, and the light-receiving field I in the photodetector 225 at 
order. 



[0018] And E signal used for tracking control is acquired as the sum (i+j) of the 
signal from two light-receiving fields i on the left-hand side of this quadrisected 
light-receiving Men, and the signal from the light-receiving field j. Similarly, F 
signal used for tracking control is acquired as the sum (k+l) of the signal from the 
light-receiving field k and the signal from the light-receiving field I which are two 
light-receiving fields on the right-hand side of this quadrisected light-receiving 
Men. Usually, the differential signal (E-F) of this E signal and F signal is used for 
tracking control as a push pull signal PP. 

[0019] By the way, since the core of a photodetector and the core of return light 
that the light-receiving side was divided stop being in agreement in case tracking 
control is performed by the 1 beam method using optical system which was 
mentioned above when only an objective lens 223 is moved, as the dotted line in 
drawing 16 shows, the incidence location of the spot on light-receiving Men of a 
photodetector will move, and offset will occur to the tracking error signal TE. For 
this reason, RF which it becomes impossible to control the physical relationship 
of a truck and a light beam correctly, and is reproduced from an optical disk may 
deteriorate. 

[0020] Then, canceling this offset is performed using the movement magnitude 
signal according to the movement magnitude of an objective lens 223, or the 
movement magnitude of the optical spot 224 on an optical disk 200. 
[0021] For example, if the above-mentioned movement magnitude signal is set to 
CSL and the multiplier of the servo system of tracking control is set to K by the 1 
beam method, in a photodetector 225, the tracking error signal TE will be 
acquired by the following (2) types. 
[0022] 

TE ={(i+j)-(k+l)}-K x CSL (2) 
[0023] 

[Problem(s) to be Solved by the Invention] However, by the conventional tracking 
servo system, the above-mentioned servo multiplier K was a fixed value. 
However, since there was dispersion in an optical disk or the property of optical 



pickup, the value of the above-mentioned K was made the optimal to no optical 
disks. 

[0024] For this reason, in the optical pickup using the 1 beam method, there was 
a problem that highly-precise-izing of a tracking servo and improvement in 
dependability were difficult. 

[0025] This invention is performed in order to solve such a problem, and it aims 
at offering the tracking control unit and the tracking control approach using the 1 
beam method which can set up a servo multiplier for every optical disk, and can 
raise the precision and dependability of servo system properties differ. 
[0026] 

[Means for Solving the Problem] The tracking control unit of this invention 
proposed in order to solve the above-mentioned technical problem By deducting 
the cancellation signal with which the multiplication of the correction factor was 
carried out from the push pull signal acquired from the return light of the light 
beam irradiated by the optical disk In the tracking control unit which cancels 
offset of the tracking error signal produced according to migration of an objective 
lens or migration of the exposure location of the light beam on an optical disk A 
movement magnitude signal detection means to detect the movement magnitude 
signal produced according to the movement magnitude of an objective lens, or 
the movement magnitude of the exposure location of the light beam on the 
above-mentioned optical disk, A correction factor setting means to set up the 
correction factor by which multiplication is carried out to the above-mentioned 
movement magnitude signal according to the amplitude of the above-mentioned 
push pull signal, A cancellation signal generation means to carry out the 
multiplication of the above-mentioned correction factor by which a setup is 
carried out to the above-mentioned offset component, and to generate a 
cancellation signal, It is characterized by having a tracking error signal 
generation means to deduct the above-mentioned cancellation signal from the 
above-mentioned push pull signal, and to generate a tracking error signal. 
[0027] Moreover, the tracking control unit of this invention proposed in order to 



solve the above-mentioned technical problem By deducting the cancellation 
signal with which the multiplication of the correction factor was carried out from 
the push pull signal acquired from the return light of the light beam irradiated by 
the optical disk In the tracking control unit which cancels offset of the tracking 
error signal produced according to migration of an objective lens or migration of 
the exposure location of the light beam on an optical disk A movement 
magnitude signal detection means to detect the movement magnitude signal 
produced according to the movement magnitude of an objective lens, or the 
movement magnitude of the exposure location of the light beam on the above- 
mentioned optical disk, A correction factor setting means to set up the correction 
factor by which multiplication is carried out to the above-mentioned offset 
component according to the amplitude of a truck wobble signal, A cancellation 
signal generation means to carry out the multiplication of the above-mentioned 
correction factor by which a setup is carried out to the above-mentioned 
movement magnitude signal, and to generate a cancellation signal, It is 
characterized by having a tracking error signal generation means to deduct the 
above-mentioned cancellation signal from the above-mentioned push pull signal, 
and to generate a tracking error signal. 

[0028] Moreover, the tracking control approach of this invention proposed in 
order to solve the above-mentioned technical problem By deducting the 
cancellation signal with which the multiplication of the correction factor was 
carried out from the push pull signal acquired from the return light of the light 
beam irradiated by the optical disk In the tracking control approach which cancels 
offset of the tracking error signal produced according to migration of an objective 
lens or migration of the exposure location of the light beam on an optical disk The 
movement magnitude signal detection process of detecting the movement 
magnitude signal produced according to the movement magnitude of an 
objective lens, or the movement magnitude of the exposure location of the light 
beam on the above-mentioned optical disk, The correction factor setting process 
of setting up the correction factor by which multiplication is carried out to the 



above-mentioned offset component according to the amplitude of the above- 
mentioned push pull signal, The cancellation signal generation process which 
carries out the multiplication of the above-mentioned correction factor by which a 
setup is carried out to the above-mentioned offset component, and generates a 
cancellation signal, It is characterized by having the tracking error signal 
generation process which deducts the above-mentioned cancellation signal from 
the push pull signal by which standardization was carried out [ above-mentioned ], 
and generates a tracking error signal. 

[0029] Moreover, the tracking control approach of this invention proposed in 
order to solve the above-mentioned technical problem By deducting the 
cancellation signal with which the multiplication of the correction factor was 
carried out from the push pull signal acquired from the return light of the light 
beam irradiated by the optical disk In the tracking control approach which cancels 
offset of the tracking error signal produced according to migration of an objective 
lens or migration of the exposure location of the light beam on an optical disk The 
movement magnitude signal detection process of detecting the movement 
magnitude signal produced according to the movement magnitude of an 
objective lens, or the movement magnitude of the exposure location of the light 
beam on the above-mentioned optical disk, The correction factor setting process 
of setting up the correction factor by which multiplication is carried out to the 
above-mentioned movement magnitude signal according to the amplitude of a 
truck wobble signal, The cancellation signal generation process which carries out 
the multiplication of the above-mentioned correction factor by which a setup is 
carried out to the above-mentioned offset component, and generates a 
cancellation signal, It is characterized by having the tracking error signal 
generation process which deducts the above-mentioned cancellation signal from 
the above-mentioned push pull signal, and generates a tracking error signal. 
[0030] According to the above this invention, the tracking control unit and the 
tracking control approach of raising the dependability of the tracking servo to 
property dispersion of an optical disk can be offered. 



[0031] 

[Embodiment of the Invention] Below, it explains, referring to a drawing about the 
tracking control unit of this invention, and the gestalt of desirable operation of the 
tracking control approach. 

[0032] Drawing 1 is the block diagram showing the example of a configuration of. 
the principal part of the tracking control device which is one gestalt of operation 
of this invention. 

[0033] This tracking control device takes out a push pull signal from the return 
light from an optical disk, and performs tracking control. 
[0034] E signal and F signal from optical pickup are inputted into input terminals 
1 1 and 12. And these difference signals (E-F) are generated by the subtraction 
amplifier 13, and these sum signals (E+F) are generated by the summing 
amplifier 14. 

[0035] And the division circuit 20 does the division of the signal (E-F) by signal 
(E+F), and sends signal (E-F)/(E+F) of the result to the signal amplitude detector 
30. 

[0036] It is a signal equivalent to the push pull signal PP which carried out 
differential detection and which was acquired by the photo detector which has the 
light-receiving side where the above-mentioned signal (E-F) was divided in the 
return light from an optical disk here, and signal (E-F)/(E+F) which did the 
division of this by the sum signal (E+F) is equivalent to the standardized push 
pull signal NPP. 

[0037] The signal amplitude detector 30 detects the amplitude of the push pull 
signal NPP standardized from the division circuit 20. In addition, about the 
concrete example of a circuit for it, it mentions later. The amplitude detecting 
signal (amplitude value) from this signal amplitude detector 30 is changed into a 
digital signal in the A/D-conversion circuit 40, and is sent to the multiplier 
calculation circuit 50. 

[0038] The multiplier calculation circuit 50 is for setting up the multiplier (gain) K 
of a tracking servo system according to the amplitude of the standardized push 



pull signal NPP, and sends multiplier (gain) control information to the 
multiplication amplifier 80 mentioned later. This multiplier calculation circuit 50 is 
constituted by the microcomputer etc. 

[0039] On the other hand, by the tracking control using the push pull signal PP, 
as mentioned above, if the offset component produced to the push pull signal PP 
according to the movement magnitude of the objective lens of optical pickup or 
the movement magnitude of the optical spot on an optical disk was not canceled, 
there was a problem that tracking control could not be performed correctly. 
[0040] For this reason, it is necessary to multiply the movement magnitude signal 
according to the movement magnitude of an objective lens, or the movement 
magnitude of the optical spot on an optical disk by the suitable correction factor, 
and to generate the signal (only henceforth a cancellation signal) for canceling 
offset. 

[0041] The top hold circuits 65 and 66 and the subtraction amplifier 70 are parts 
which generate this movement magnitude signal. 

[0042] The peak level of E signal inputted from an input terminal 1 1 is held in the 
top hold circuit 65. Similarly, the peak level of F signal inputted from an input 
terminal 12 is held in the top hold circuit 66. And it considers as the movement 
magnitude signal CSL to subtract the top hold value of this E signal, and the top 
hold value of F signal with the subtraction amplifier 70, and generate a 
cancellation signal. In addition, this movement magnitude signal CSL does not 
express the amount of gaps of the truck on an optical disk, and an optical spot 
itself. 

[0043] And with the multiplication amplifier 80, the multiplication of the servo 
multiplier K set as this movement magnitude signal CSL in the multiplier value 
calculation circuit 50 is carried out, and it is sent to the subtraction amplifier 90. 
[0044] On the other hand, with the subtraction amplifier 71, above-mentioned E 
signal and above-mentioned F signal are subtracted, and the signal (E-F) 
equivalent to the push pull signal PP is generated. 

[0045] And with the subtraction amplifier 90, the movement magnitude signal 



CSL signal with which the multiplication of the servo multiplier K was carried out 
is subtracted from the above-mentioned push pull signal PP, and it is outputted 
as the so-called top hold push pull (TPP) signal. 

[0046] Drawing 2 shows typically this top hold push pull signal TPP. That is, 

above-mentioned E signal and above-mentioned F signal are made into the 

signal with which the peak level was held uniformly. When an optical disk is a 

compact disk (CD), the return luminous intensity from the mirror side in which the 

record pit is not formed serves as max, and will give a top level. 

[0047] Drawing 3 shows an example of the signal amplitude detector 30 for 

detecting the amplitude of the standardized push pull signal NPP. 

[0048] Push pull signal PP= {(i+j)-(k+l)} and the total signal (i+j+k+l) from optical 

pickup are inputted into this signal amplitude detector. As mentioned above, this 

push pull signal PP is equivalent to a signal (E-F), and a total signal is equivalent 

to a signal (E+F). 

[0049] In the division circuit 20, the division of the signal {(i+j)-(k+l)} from the 
subtraction amplifier 13 is done by the signal (i+j+k+l) from a summing amplifier 
14, and push pull signal NPP={(i+j)-(k+l)}/(i+j+k+l) by which the result was 
standardized is sent to the top hold circuit 32 and the bottom hold circuit 33. 
[0050] And the top value held in the top hold circuit 32 and the bottom value held 
in the bottom hold circuit 33 are subtracted with the subtraction amplifier 34, and 
is sent to DC level detector 35. 

[0051] In DC level detector 35, DC level according to the amplitude of the 
standardized push pull signal NPP is detected from the signal of the difference of 
the top hold value of a NPP signal from the subtraction amplifier 34, and a 
bottom hold value. In addition, this DC level detector consists of analog-to-digital- 
conversion circuits etc., and a measurement value is temporarily stored in 
semiconductor memory etc. 

[0052] In addition, analog-to-digital conversion of the standardized push pull 
signal NPP is carried out besides the above signal amplitude detectors 30, and 
you may make it measure the difference of the peak value of a signal, and the 



average of a bottom value. 

[0053] Drawing 4 shows the example of a configuration of the top hold circuit 32 
in the signal amplitude detector of drawing 3 , and the bottom hold circuit 33. 
[0054] Drawing 4 (a) shows an example of a top hold circuit. The standardized 
push pull signal NPP is inputted from a terminal 38, and capacity C1 is charged 
through the diode D1 arranged in resistance R1 and the forward direction. At this 
time, capacity C1 is charged by even the maximum (peak) electrical potential 
difference of the NPP signal PP, and the electrical potential difference of those 
both ends is held at the peak value of the amplitude of a NPP signal. 
[0055] The output according to the maximum amplitude of the NPP signal 
inputted from a terminal 38 is obtained from a terminal 39 by inputting the 
electrical potential difference of the both ends of this capacity C1 into the 
operation amplifier 45. 

[0056] Here, since each of hard flow resistance of the diode D1 seen from 
capacity C1 and input impedances of the operation amplifier 45 is large enough, 
the charge currently held at capacity C1 discharges through the resistance R2 
connected to capacity C1 and juxtaposition. For this reason, it is determined that 
the time constant given as the product C1 of resistance R1 , and capacity C1 and 
resistance R2 and R2 will become suitable to the frequency of the NPP signal 
inputted. 

[0057] Drawing 4 (b) shows an example of a bottom hold circuit. Although this 
configuration is the same as the configuration of the above-mentioned top hold 
circuit, when the sense of diode D2 is a top hold circuit, it is reverse. 
[0058] That is, capacity C2 is connected to the terminal 38 into which a NPP 
signal is inputted through the diode D2 arranged to resistance R3 and hard flow, 
and when the electrical potential difference of the push pull signal PP inputted 
into a terminal 38 is lower than the electrical potential difference of the both ends 
of capacity C2, capacity C2 discharges through diode D2 and resistance R3. 
Therefore, the electrical potential difference of the both ends of capacity C2 is 
held at the bottom value of the amplitude of a NPP signal. The output according 



to the minimum amplitude of the push pull signal PP inputted from a terminal 38 
is obtained from a terminal 41 by inputting the electrical potential difference of the- 
both ends of this capacity C2 into the operation amplifier 46. 
[0059] In addition, the above-mentioned top hold property and above-mentioned 
bottom hold property of a circuit are chosen so that it may be the the best for 
detecting the amplitude of the push pull signal acquired by each optical disk and 
each optical pickup, or a truck wobble signal. 

[0060] Next, another example of a configuration of the signal amplitude detector 
30 for detecting the amplitude of the standardized push pull signal NPP is 
explained. 

[0061] Drawing 5 shows another example of a configuration of the signal 
amplitude detector 30 for detecting the amplitude of the standardized push pull 
signal NPP. 

[0062] In this circuit, DC removal circuit 36 removes DC component of the push 
pull signal NPP standardized in the division circuit 20. And amplitude value is 
obtained in DC level detector 35 by doubling the value by which the top hold was 
carried out in the top hold circuit 33 two with the operation amplifier 37. 
[0063] Thus, without using a top hold circuit and a bottom hold circuit, it may 
double top hold value 2 and you may ask for the amplitude of a NPP signal. 
[0064] Drawing 6 shows the example of a configuration of DC removal circuit 36 
used for the signal amplitude detector explained above. 

[0065] The standardized push pull signal NPP is inputted from a terminal 42, and 
a part for the direct current is prevented by capacity C3. And the electrical 
potential difference of the end is inputted into the operation amplifier 47 through 
resistance R5. The standardized push pull signal NPP by which an in one 
direction flowed part was removed and predetermined gain was able to multiply 
by this is outputted from a terminal 43. 

[0066] In addition, the property of this DC component removal circuit is chosen 
so that it may be the the best for detecting the amplitude of the push pull signal 
acquired by each optical disk and each optical pickup, or a truck wobble signal. 



[0067] Moreover, although DC removal circuit which constitutes a high pass mold 
filter is illustrated, the band pass mold filter which has the property of passing the 
truck wobble signal component TW which it push-pull-signal-PP(s) or is 
mentioned later can also be used here. 

[0068] Next, the gestalt of another operation of the tracking equipment of this 
invention is explained. 

[0069] Drawing 7 is the block diagram showing another example of a 
configuration of the principal part of the tracking control device as one gestalt of 
operation of this invention. 

[0070] This tracking control device detects the push pull signal PP from the return 
light from an optical disk which has the guide rail formed in the optical disk in the 
shape of meandering, removes offset of that push pull signal PP, and a tracking 
error signal is acquired. 

[0071] E signal and F signal from optical pickup are inputted into input terminals 
1 1 1 and 112. And these difference signals (E-F) are generated with the 
subtraction amplifier 113, and these sum signals (E+F) are generated in a 
summing amplifier 114. 

[0072] And the division circuit 120 does the division of the signal (E-F) by signal 
(E+F), and sends standardized push pull signal (E-F)/(E+F) which is the signal of 
the result to the signal amplitude detector 130. In addition, what carried out 
differential detection of the truck wobble signal TW is equivalent to a push pull 
signal here. 

[0073] The signal amplitude detector 130 detects the amplitude of the truck 
wobble signal TW from the division circuit 120. The same circuit as what was 
shown as an example of the signal amplitude circuit 30 mentioned above can be 
used for this signal amplitude detector 130. The amplitude value from this signal 
amplitude detector 130 is changed into a digital signal in the A/D-conversion 
circuit 140, and is sent to the multiplier calculation circuit 150. 
[0074] The multiplier calculation circuit 150 is for controlling the multiplier Kw of a 
tracking servo system according to the amplitude of the truck wobble signal TW, 



and sends multiplier (gain) control information to the gain control amplifier 180 
mentioned later. This multiplier calculation circuit 150 is constituted by the 
microcomputer etc. 

[0075] On the other hand, as mentioned above, it is necessary using the 
movement magnitude signal according to the movement magnitude of an 
objective lens 123, or the movement magnitude of the optical spot 224 on an 
optical disk 200 to cancel offset of a push pull signal in the tracking control by the 
push pull method in the 1 beam method. 

[0076] Band pass filters 163 and 164, the top hold circuits 165 and 166, and the 
subtraction amplifier 170 are parts which generate this movement magnitude 
signal. 

[0077] a signal inputted from an input terminal 161 is sent to the top hold circuit 
165 through a band pass filter 163, and a peak level is held, similarly, d signal 
inputted from an input terminal 162 is sent to the top hold circuit 166 through a 
band pass filter 164, and a peak level comes out and it is held. And the top hold 
value from the top hold circuits 165 and 166 is subtracted with the subtraction 
amplifier 170, and is made into the movement magnitude signal CSL for 
generating a cancellation signal. In addition, above-mentioned a signal and 
above-mentioned d signal are a truck wobble signal from the light-receiving field 
a and the light-receiving field d of both ends of the photodetector with which the 
light-receiving side was quadrisected, and are a signal which carried out 
differential detection of the return light from the optical disk with which the wobble 
truck of an optical disk was formed. 

[0078] Moreover, center frequency of the passband of the above-mentioned band 
pass filter 163,164 is set to about 22kHz which is the frequency of wobbling of 
the truck of an optical disk. 

[0079] And with the subtraction amplifier 170, a signal by which the top hold was 
carried out from the top hold circuit 165, and d signal by which the top hold was 
carried out from the top hold circuit 166 are subtracted, and the movement 
magnitude signal CSL is generated. In addition, as mentioned above, the above- 



mentioned movement magnitude signal CSL does not express the amount of 
gaps of the truck on an optical disk, and an optical spot itself. 
[0080] And with the gain control amplifier 180, the multiplication of the servo 
multiplier Kw set as this movement magnitude signal CSL in the multiplier value 
calculation circuit 150 is carried out, and it is sent to the subtraction amplifier 190. 
[0081] And the movement magnitude signal CSL signal with which the 
multiplication of the servo multiplier Kw was carried out is subtracted from the 
aforementioned push pull signal with the subtraction amplifier 190, and it is 
outputted as a push pull signal WPP according to the wobble amplitude of a truck. 
[0082] Drawing 8 shows typically the configuration of the wobble truck formed in 
the optical disk. 

[0083] The push pull signal PP can be acquired by modulating the return 
luminous intensity of the optical spot 224 irradiated by the truck (wobble truck) 
301 of an optical disk 300 in which the guide rail moved in a zigzag direction 
(wobble), and was formed according to this wobble. 

[0084] Such a wobble truck is used for the recordable magneto-optic disk. There 
is a magneto-optic disk with a diameter of 64mm with which the wobble 
frequency was set to 22kHz as mentioned above, and the amplitude of 1 .6 
micrometers and a wobble was set to 0.03 micrometers for the track pitch as an 
example. By forming this wobble truck, on an optical disk, the address of the 
signal recorded / reproduced is formed and the thing of it can be carried out. 
[0085] Drawing 9 shows an example of the amplitude detector 130 for detecting 
the amplitude of the truck wobble signal TW. 

[0086] Although this amplitude detector 130 is the same as the above-mentioned 
amplitude detector 30, the points which consider as the truck wobble signal TW 
which carries out differential detection and obtains the return light from a wobble 
truck, and are made to acquire a push pull signal differ. 
[0087] The push pull signal {(i+j)-(k+l)} and total signal (i+j+k+l) from optical 
pickup are inputted into this signal amplitude detector 130. This push pull signal 
is equivalent to a signal (E-F), and a total signal is equivalent to a signal (E+F). 



[0088] In the division circuit 120, the division of the signal {(i+j)-(k+l)} from the 
subtraction amplifier 113 is done by the signal (i+j+k+l) from a summing amplifier 
114, and {(i+j)-(k+l)}/(i+j+k+l) is sent to the top hold circuit 132 and the bottom 
hold circuit 1 33. [ of the result ] 

[0089] And the top value held in the top hold circuit 132 and the bottom value 
held in the bottom hold circuit 133 are subtracted with the subtraction amplifier 
134. 

[0090] And this truck wobble signal TW is sent to DC level detector 135, and DC 
level according to that amplitude is detected. 

[0091] Drawing 10 shows another example of the signal amplitude detector 130 
for detecting the amplitude of the truck wobble signal TW. 
[0092] In this circuit, DC removal circuit 136 removes DC component of the push 
pull signal from the wobble truck standardized in the division circuit 120. And 
amplitude value is obtained in DC level detector 135 by doubling the value which 
carried out the top hold in the top hold circuit 133 two with the operation amplifier 
137. Thus, without using a top hold circuit and a bottom hold circuit, a top hold 
value may be doubled two and you may ask for the amplitude of the truck wobble 
signal TW. 

[0093] Next, the gestalt of implementation of the tracking control approach of this 
invention is explained. 

[0094] In the tracking control device concerning this invention mentioned above, 
the servo multiplier K set up so that it may become the optimal for every optical 
disk is a function of the amplitude value of the push pull signal NPP standardized 
with the total quantity of light which carries out incidence to a photodetector 225. 
[0095] This standardized push pull signal NPP is given by the following (3) 
formulas. 
[0096] 

NPP ={(i+j)+(k+l)}/(i+j+k+l) (3) 

Moreover, the optimal tracking error signal TE is given by the following (4) types 
or (5) formulas. 



[0097] 

TE=(i+j)+(k+l)}-K (NPP) xCSL (4) 
TE=(i+j)+(k+l)}/(i+j+k+l)-K(NPP) xCSL (5) 

That is, in order to acquire the best tracking error signal TE for every optical disk, 
what is necessary will be just to calculate a NPP value for every optical disk. 
[0098] In addition, as mentioned above, detection of the amplitude value of this 
standardized push pull signal NPP is in the condition to which a tracking servo is 
not applied, and can be obtained from the value which held the top level of the 
signal after removing DC component from the standardized push pull signal NPP 
as a differential value of the signal which held the top level and bottom level of 
the standardized push pull signal NPP, respectively. 
[0099] On the other hand, with the optical disk in which the wobble truck was 
formed, where a tracking servo is applied, the multiplier Kw of a tracking servo 
can be obtained. 

[0100] The wobble truck signal TW is given by the following (6) formulas. 
[0101] 

Tw ={(i+j)+(k+l)}/(i+j+k+l) (6) 

Moreover, for every optical disk, since the multiplier Kw of the best tracking servo 
is the function value of the wobble truck signal TW, the best tracking error signal 
TE is searched for by the operation of the following (7) types or (8) types from an 
optical disk. 
[0102] 

TE={(i+j)+(k+l)}-TW(Tw) xCSL (7) 
TE={(i+j)+(k+l)}/(i+j+k+l)-TW(Tw) xCSL (8) 

Drawing 1 1 is the functional block diagram showing the flow of the main signals 
at the time of performing tracking control by the tracking control approach 
concerning this invention explained above. 

[0103] First, the amplitude of the push pull signal PP acquired from an optical 
disk or the amplitude of the wobble truck signal TW is called for with the signal 
amplitude detection means 230. 



[0104] Such amplitude value is changed into a digital signal with the analog-to- 
digital (A/D) conversion means 240, and is incorporated by the microcomputer 
250. 

[0105] This microcomputer 250 is a means for computing the multipliers K or Kw 
of a tracking servo, and controls the multiplier 280 later mentioned with a gain 
control signal according to the amplitude value of the push pull signal PP inputted 
through the A/D-conversion means 240, or the amplitude value of the wobble 
truck signal TW. Moreover, the above-mentioned amplitude value and multiplier 
value [ of the tracking servo computed with the microcomputer 250 ] K (Kw) are 
values calculated for every optical disk, and it is held until it is stored in memory 
255 and an optical disk is hung again at least. In addition, the servo multiplier 
obtained here holds a value in a level hold circuit, generalizes it in a servo circuit, 
and you may make it issue directions. And the value of the servo multiplier held 
is carried out neither in modification nor updating, as long as there are no 
directions from a microcomputer etc. 

[0106] in addition, K (NPP) or Kw (Tw) which is a function for computing the best 
servo multiplier K for the tracking by the 1 beam method - every class of optical 
disk and since it exists for every time of /record at the time of playback, two or 
more functions are constituted by an electrical circuit or software. 
[0107] A multiplier 280 carries out the multiplication of the values K (NPP) or Kw 
of a servo multiplier (TW) to a CSL signal according to the gain control signal 
from a microcomputer 250. This CSL signal is a signal according to the 
movement magnitude of the objective lens of optical pickup, or the movement 
magnitude of the optical spot on an optical disk, as mentioned above. 
[0108] And with a subtractor 290, the CSL signal with which the multiplication of 
the value of the above-mentioned servo multiplier was carried out is subtracted 
from the push pull signal PP, and it is outputted as a tracking error signal 290. 
[0109] Drawing 12 is an example showing Kw value change to the amplitude 
value of the push pull signal NPP with which the above was standardized of a 
function. 



[01 10] Thus, the value of the servo multiplier K changes according to the 
amplitude value of the standardized push pull signal NPP. 
[0111] Drawing 13 is a flow chart which shows the fundamental procedure which 
controls the servo multiplier K by the tracking control approach concerning this 
invention using the standardized push pull signal NPP. 

[01 12] First, a focus servo is turned on and it is made for the light beam irradiated 
by the optical disk to focus on the signal side of an optical disk at step S1 . At this 
time, a tracking servo is not turned on and the optical spot by which focus control 
is carried out on the optical disk does not follow a truck yet. 
[0113] Next, the amplitude of the standardized push pull signal NPP is detected 
at step S2. Here, the approach of making it binary, after carrying out A/D 
conversion of the level hold signal using level hold circuits, such as a top hold 
circuit and a bottom hold circuit, as mentioned above, the approach of detecting 
from the signal value made binary after carrying out A/D conversion of the 
standardized push pull signal NPP, etc. are used. 

[01 14] Next, the servo multiplier K which can acquire the optimal tracking signal 
TE from the amplitude value of the detected push pull signal NPP which was 
standardized at step S3 is computed. Here, the optimal tracking signal TE is a 
tracking error signal with which a truck gap becomes the smallest to the 
environment considered as recording / reproducing a signal at the difference 
between optical pickup, an optical disk, a tracking control system, etc., and other 
optical disks. And this servo multiplier K is called for by [ above ] calculating by 
the microcomputer, an operation processor, etc. using the function for which it 
asked beforehand. In addition, the above-mentioned function can measure 
beforehand the optimal multiplier value over the amplitude value of the 
standardized push pull signal NPP, or can acquire it by the simulation of optical 
system etc. 

[01 15] Next, the multiplication of the value K of the computed servo multiplier is 
carried out to a CSL signal by step S4. This CSL signal is a signal according to 
the movement magnitude of the objective lens of optical pickup, or the movement 



magnitude of the optical spot on an optical disk, as mentioned above. Moreover, 
this multiplication is performed by controlling from a microcomputer etc. the 
amplifier gain which is equivalent to the value of through and a servo multiplier in 
a CSL signal at operation amplifier. 

[01 16] And the CSL (K it doubled) signal with which the multiplication of the value 
K of a servo multiplier was carried out is subtracted from the push pull signal PP 
at step S5, and the push pull signal NPP with which it was standardized for 
acquiring the optimal tracking error signal TE is generated. The polarity of the 
above-mentioned CSL signal K Doubled is the same as the polarity of offset of 
the push pull signal PP at the time of objective lens migration, and it is made to 
have offset of the push pull signal PP at the time of objective lens migration 
canceled here. 

[01 17] The processing which sets up the multiplier of a tracking servo with the 
above procedure using the amplitude level of the push pull signal NPP 
standardized with the total return quantity of light from an optical disk is ended. 
[0118] Next, the fundamental procedure which controls the servo multiplier Kw 
using the amplitude of a wobble truck signal is explained by the tracking control 
approach concerning this invention. 

[01 19] Drawing 14 is a flow chart which shows the fundamental procedure which 
controls the servo multiplier Kw using the wobble truck signal TW by the tracking 
control approach concerning this invention. 

[0120] First, a focus servo is turned on and it is made for the light beam irradiated 
by the optical disk to focus on the signal side of an optical disk at step S1 1 . At 
this time, a tracking servo is not turned on and the optical spot by which focus 
control is carried out on the optical disk does not follow a truck yet. 
[0121] Next, a tracking servo is turned on and the optical spot by which focus 
control is carried out on the optical disk is controlled by step S12 to follow a truck. 
At this time, a tracking servo is applied using the push pull signal PP, the WPP 
signal which set up the value of a temporary servo multiplier, or a TPP signal. 
[0122] Next, the amplitude of the wobble truck signal WT is detected at step S13 



by the push pull signal operation in the condition that tracking control was carried 
out. Here, the approach of making it binary, after carrying out A/D conversion of 
the level hold signal using level hold circuits, such as a top hold circuit and a 
bottom hold circuit, as mentioned above, and the approach of detecting from the 
signal value made binary after carrying out A/D conversion of the standardized 
push pull signal NPP are used. 

[0123] Next, the servo multiplier Kw which can acquire the optimal tracking signal 
TE from the amplitude value of the detected wobble truck signal TW at step S14 
is computed. Here, the optimal tracking signal TE is a tracking error signal with 
which a truck gap becomes the smallest to the environment considered as 
recording / reproducing a signal at the difference between optical pickup, an 
optical disk, a tracking control system, etc., and other optical disks. And this 
servo multiplier Kw is called for by calculating by the microcomputer, an 
operation processor, etc. using the function for which it asked beforehand. In 
addition, the above-mentioned function can measure beforehand the optimal 
multiplier value over the amplitude value of the wobble truck signal TW, or can 
acquire it by the simulation of optical system etc. 

[0124] Next, the multiplication of the value Kw of the computed servo multiplier is 
carried out to a CSL signal at step S15. This CSL signal is a signal according to 
the movement magnitude of the objective lens of optical pickup, or the movement 
magnitude of the optical spot on an optical disk, as mentioned above. Moreover, 
this multiplication is performed by controlling from a microcomputer etc. the 
amplifier gain which is equivalent to the value of through and a servo multiplier in 
a CSL signal at operation amplifier. 

[0125] And the CSL (it doubled Kw) signal with which the multiplication of the 
value Kw of a servo multiplier was carried out is subtracted from the push pull 
signal PP at step S16, and the push pull signal WPP for acquiring the optimal 
tracking error signal TE is generated. The polarity of the CSL signal which is the 
above and which was doubled Kw is the same as the polarity of offset of the 
push pull signal at the time of objective lens migration, and it is made to have 



offset of the push pull signal at the time of objective lens migration canceled here. 
[0126] With the above procedure, the processing which sets up the multiplier of a 
tracking servo using the amplitude level of a wobble truck signal is ended. 
[0127] In addition, although the gestalt of operation of this invention explained 
above explained supposing the case where tracking control is performed to 
drawing 16 in the optical system of instantiation using a photodetector 225, the 
same effectiveness can also be acquired, for example like the photodetector 
213,215 of drawing 16 by using a light-receiving means by which the 
photodetector has been arranged so that 1-time diffracted-light distribution of the 
optical spot reflected with the optical disk may be divided into two. In addition, the 
angle of the division direction of light-receiving Men of these photodetectors and 
the truck on an optical disk to make does not necessarily need to be parallel, and 
fully operates from parallel to the include angle of about 45 degrees. 
[0128] 

[Effect of the Invention] According to this invention, the value of the servo 
multiplier by which the cancellation signal for canceling the offset component of a 
push pull signal can be multiplied as a correction factor Since it was made to set 
up accommodative according to the amplitude of the standardized push pull 
signal NPP, or the amplitude of a wobble truck signal, The precision and 
dependability of the servo to property dispersion for every optical disk in the 1 
beam method can be raised, and the tracking control unit and the tracking control 
approach of moreover simplifying a setup of the multiplier of a tracking servo can 
be offered. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the example of a configuration of the tracking 



control unit concerning this invention. 

[Drawing 2] It is drawing for explaining a TPP signal. 

[Drawing 3] It is drawing showing an example of the signal amplitude detector for 

detecting the amplitude of the standardized push pull signal NPP. 

[Drawing 4] It is drawing showing an example of the top hold circuit used for the 

above-mentioned signal amplitude detector, and a bottom hold circuit. 

[Drawing 5] It is drawing showing another example of a configuration of the signal 

amplitude detector for detecting the amplitude of the standardized push pull 

signal NPP. 

[Drawing 6] It is drawing showing an example of DC removal circuit of the above- 
mentioned signal detector. 

[Drawing 7] It is the block diagram showing another example of a configuration of 

the tracking control device concerning this invention. 

[Drawing 8] It is drawing for explaining a wobble truck. 

[Drawing 9] It is drawing showing an example of the amplitude detector for 

detecting the amplitude of a wobble truck signal. 

[Drawing 10] It is drawing showing another example of the signal amplitude 
detector for detecting the amplitude of the wobble truck signal TW. 
[Drawing 11] It is the functional block diagram of the tracking control device 
which applies the tracking control approach concerning this invention. 
[Drawing 12] It is drawing showing an example showing the value change of the 
servo multiplier K to the amplitude value of the standardized push pull signal 
NPP of a function. 

[Drawing 13] It is the flow chart which shows the fundamental procedure which 
controls the value of the servo multiplier K by the tracking control approach 
concerning this invention using the standardized push pull signal NPP. 
[Drawing 14] It is the flow chart which shows the fundamental procedure which 
controls the value of the servo multiplier K using the wobble truck signal TW by 
the tracking control approach concerning this invention. 

[Drawing 15] It is drawing showing an example of the optical system of the optical 



pickup obtained in the tracking error signal by the 1 beam method. 
[Drawing 16] It is drawing for explaining the configuration of light-receiving Men 
of the photodetector used for the above-mentioned optical system. 
[Description of Notations] 

11, 12 output terminal Input terminal 13 Subtraction amplifier 14 Summing 
amplifier 20 division circuits 30 Signal amplitude detector 40 A/D-conversion 
circuit 50 Enumerated-data calculation circuit 65 66 Top hold circuit 70 71 
Subtraction amplifier, 80 Multiplication amplifier 90 subtraction amplifier 99 
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So 

tmWttt * h Afi©¥^fflt *s±B7v -> a x 

iwi#©««*«ttir* c t*»«4r-5ii«fli 1 ibb 

*tifc*+v-biWl^*8L3l<ctu:J:y, 
X©^»$fctt3tx-< X^±T'©5tbf-/»©!«g»fSB© 
»!MaSUT£U* K5y*V7x5-ft*©*7-tey 

tttt U VX©8»»3: fcti±i3^7 r -r X^±T*©ittT- 

* 7/l/B#©S*BlcjS UT»3£T5«iE«aK£#8 
<^ 

±IBIMIi«l*lc±IBI83e*ti*«jEfl»*»ll LT* 

5-fll^fig#Si:*«?l*Ct*^Sttr« h5y* 
>^SJ8i^Bo 

[B*S9] ±JE4iIEffittB£#Bli, ±IBh5y7 
■>*^iWB*©«l*B«fcr*«Wlt LT±IBffiiE 
C «t *^a<b r 8 IBK© h 5 y 

*V^I6"JliPISB. 

[f«5Rn 10] ±IB h 5 y ^ 7 * ±IBBS 

-^3X»*n, 6 x o, h5y*'v^JW*tiT^«tt 
•T*tt*ft* C t *«ttt r «KdC9l 8 IBK© h y 
*>^M«WB. 

1 1 ] ±E«iE«»lft£#«tt» ±IB h 5 y 
tOtMimz h y X*-;U K£J:tf<K hA*-;U K 

■r^c<!:tc<fcy. *©jn@*8ttirsfi*«4§fcaj#Ma 

*« A C <b * 1tB t r *H«fll 8 IBB© f-7'y+>7" 
SflSPSB. 

[W 1 2 ] ±IS*iMii!S;£#fS:l*, ±IB h 5 y 
© fcf- -^l©¥i£|ffl t # h Affi©¥J*Hl <b 6 ±IB h 5 

y -7 7 * 7ji/fire©ffi«*ttmf s c t *»a t -r «» 

AS 8 IBB© h 5 y * y -7"§iJffl)gB» 
[««S13] 3tx-rX'7tcB8^ti?.7 l 6e-/x©K 

»5 , tifc+A'>-t:;l/ft^SL5Kc:<!:(cj:y, *t%ib 
>X©f£i&3: fcli itx -r X -7 ±T©3^ If- A©SS|*(fiB 
©^ijlciSCTSi;^ h5y*>^x5-fl^©*7-b 
y h^+W-fcyU-r^ h5y*V^Jffli*^Kfcl>Tx 
S«* U>X©$iM£ /£tt±E«7 r -f X-7±^©7tlf- 
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±IS*7-fey hj$#K£»?*v5JiiE&a£±iB7-y-> 

±IB*7-fe-y hfig^lc±IB^5-tl5ffiiE^a*g»L 

?x 7 -fi^^ig t * wr s c t 

*r u ±iesiE«a^xigr±iB«te<b? n/c 7 -y -> 
a 7*;Wt#©jI^KJSCT±l3«iE&a:&lSJ£t- 3 c <t 

*1tatraH*ai 3t3©©h5-y*>-?3iiJ8P£;£o 
[MaURl 5] ±IBffiiE^a«, ±IB^b?tlfc7. 

•y ^;Mi«oaa«xft^r«mkfl^ LTissg* 

h*Ct*»atr*B«ai 3f3®©h7-y*Vy-ftJ 

[ff*il16] ft7VX?KPS|*;*-ft£ftfc-A4>M 
U ftfr SH Sft 3 7-y > a 7; Wl^frS. ffiiEftfttf £ 

©»»fcJSi:T£i:« h5'y*v-7-x5-{I^©*7-fe 
•y h**+>^U-r« h5-y*>7'»Jffli:£>£fcfcl>7\ 
tt» u v X©*ttft $ fctt±f Sft x-r x * ±t*©# bf- 
£.©BB$*ffiB©f£i&fll;:i8; UTS C38IMflre«&tti 

±IB»iiM*tci|||*ft5HiE«tt* h 5 y * 7 * 7 

±i3*7-fe'y hfi£»tc±iB^S-n^SiiE«iS^g*L 

<bs 

±§37*-y -> j. 7;Mt#fr 5±fB*+ v-fe/WI#£M L§ I 

[tt&I 1 7 ] ±IBSIE^att. ±13 h 5 -y -7 7 * 7 

[£B©lftlI&fK<&] 
[000 1] 

i»J£lcfcl>T7-y->a7yU^ffl^T4m*n5h5'y 
*V^X5-(I^(t^i;5*7Hz-y h£**>-fe/l/T£> 
h 5 -y * vT&IWSIWs <fclf h 5 -y * >7M«l#at(cH 



[0002] 

rnnmM (X5-) fl»*ajar*3fc£t:y*7y7* 

[0 0 0 3] ftx-fX-y-gEO^fc'y KWcggJttT 

£UTV*. £©fc«>. «¥fc?y*7*'y7*tt, IsllEBn 
K#53£5^X7©iinicig|&LT\ 3£t?-/»©*JfoS 

[0 0 0 4] flJjUf. 3V/\'7hf^X^ (CD) |* % 
h-5>y7e-y^6M . 6pmi:5-tlTfcyv CttKflL 
T3fce-L,<0«#£tf h 5 -y 7fr 6 ± 0 . 1 p mggfl) 

«^E©7fcfS:&lRl©jItli|Itf ± 0 . 5 mmgggTfPg 
lirftTifcy, CtilCjyLT^.^fi^SA^e±1 pim 
g]t©ffiaic£5<J:5fc7*-a;'JW®£ttT^i>. 
[0 0 0 5] C©,fc5fc7£tf-Z»©&S*ffiE©56»PH\ 
frJSPfi^fclS U Ttc¥ bf -y 7 T 7 -y T'O^RC-SP* T 7 
^^ax-^TiSi))i--B-5Ci:5&<t:'lc«i:»J^n5o c 

■5 -y (i^-¥>7 *-*7.x5—(l^T£ »Jx 

ens £t>--*'£fc«)£-r * c <b iccfe y ±E®ffl&# ft 

[0 0 0 6] ±JEO h5-y*>-?-x5-fi#^#5/ci6 
O^SWS73>4<»: UT^ 3 tf-A^i: 1 
Stingo 

[0 0 0 7] 3tz-A^ti. 3tx'fX-5'lcBe|^s-n57 l c 

T. ±t-A (0» <b2-7©lije-A (±1%3t) 
^6^:53*03te-Iv^^4*-ti> 2-3©Bie-i»* 
hT-y+V^x^-OSiailcffll^^ST'^So COifj 

2 0(7)iiJtf-/»^air5fci6a)S^?^BBB LTfc 
^T-fX-><Dh5-y^lc^|>fJti5itr-A(7)*7t 
jS© 1^77 ^{5S6^6<7)-rn«lctS UTS^r BJtf 

[0 0 0 8] CtUCttLTs 1 bi'-A;£tt. XT-fXl? 

3t:-A^ffll^Jl^lc^<t*ti5 

[0 009] 01 514, 1 e-ASHC«fcU K5»*>y 
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[0 0 1 0] m&2 1 7±lC^fig^nfc§^6m?2 1 
0<D87 l 6^ : ?gBT-&3U-+f?'r*- K2 1 1 fr%V>% 
~?0XU2\ 2<0$4®2 1 2 aT'SUfn. t-Zx 
7,-?>)v$2 2 2feJ:lWftU>X2 2 3 T-ftft^ttT 

^x-fx^^ootc^jtis. u©Mjn/i:^x-f 

•>h2 2 4(i. 7tx-fX^2 0 0a)fi^®2 0 0 alee 
SfSJ: •? icy *-t>X&miti%. 

[001 1] 5t7 r i-x^2oo6^6©MyBi, mum 

$&)UVX2 2 3£«tk tf-^U-y$2 2 2T\ ft 
«lttS§§2 2 5fc|S|fr5}fcS&<hg8ftflt?2 1 0<D7*JX 
1x2 1 2Kfp]6^3m<h(;:ttfi£ftSo 

[0012] g^^?2 1 onsytm^mt. zn? 

tt4 7 JI'J£;h/'cgft®£ i tOftl££iJS§2 1 3£2 1 5t 
FE = {(a+d)-(b+c)} - 
-15. CO%¥%T\ h5y*>?l5-fl#TEtt. 
±B©3te»lb»2 13, 2 15. fc<fclBft&ijfS2 2 5 

[00 1 5] fl*tf» ^ajS2 2 5^5h5-y*V^ 
i5Hi^TE£*#£i§£t;:ii, S^®<D*ffi)SJtfiia 
*6©Jtttaiffl# ( i + j ) t» 6Wtt«tt6»6(Wtt 
^asfl^ (k+l) {(i+j)-(k+l)} 

ttTT'tt, C OJtttlHS 2 2 5 6 h 5 y *>^l7 - 

[0016] 01 6tt. 01 sic&mLtcs i 

*JS^«3fc¥ey*7y7 , flMfcSWl»2 13,21 5*5 
cfctf2 2 5©gftE©«$*jfXTl>5. 
[0 0 17] Cft&4>&fttttt]li0>Sftaitt. HBHcjfc 

fliLtf. 3H*H»2 2 5?tt, *©S3ttBKj«, -SftfrS 
JBK. S3HMHi. g3fc««j. SftSUslk, Sftffitt 

[00 1 8] *LT* h5y*>7*IWcJB^Sn*E 
fl^tt. C©4#MtfftfcS3fcffi©;^02O©g3fii 
« i »6«HI#&83ttME j frS©fl»£©» ( i + 

64l«FflKH& C©4#*J*tin:S3lfiffi©6ffll02O 
TE = {(i+j)-(k+l)} - 

[00 2 3] 

y * > #JRTtt» ±E©-9— #fl» K tfH^filT 
fc^fco LfrU ftT^X^ft^y^y^lftt 
Kli, tf6o*#**fctt, ±tB®K4>fl#r''CT0>ft 
r<f X* ICW LTftillCTt&frofc, 

[0024] 1 tr-^s*fl§i**3fc¥b:y* 

7 y XZHi. h 5 y * Vy*+f— #0>ftfia<k££ tfffiM 



£«LT8D8£ftTfcy, 70X1*2 1 2CD&S2 1 2 

afrz^siLrcmvmt. immm2 1 3icx»?-£i: 

cfcfcfcs *6lCS»?tlT7'UXA2 1 2<D±ffi2 1 2 
b?m&2 1 4*tStf % ftttU]S2 1 SlC^AftitZo 
[0 0 13] ZiMK&Wm* C09%ftX?2 1 0<D 

K?*lTL^„ CCT\ 7*- ftXX7-«9FE& 
ttT© ( 1 ) 3«>S»c«i: »J »6*i4. tctcL. ( 1 ) 
SMC*1*T, ffl^a~ffl#dtt7t«l*ll2 1 3 047*£J 

s*ifcg3feBM>*S3fc*itt a ~ d frzwmam*?* 

»J> lll«(Cfi^e~fi^g«3t«dJi§2 1 5(D4»SJ* 

[0 0 14] 

{(e+h)-(f+g)} (1) 

6©fl»fc©W (k+l) i:LT»en5 0 iiSttx Z 

oEimtFiE 1 ^ tnrnmm (e-f) *\ 

[0 0 19] ±j£Lfc<fcd&7 , c^&£ffl^T 
VX2 2 3©**»Kir*i:» »3ttlBtf#W**ifc)l6tt 
1 6 * "5 fc j^BB<D«JI£IB±T>©X# 

r-f ^-76^6^4* R F LT L$ 5«dt>£ 
S. 

[0 0 2 0] ^-CT\ 3mUVX2 2 3©^«l«$fett 
^T f -fX^2 0 0±O^X#y h2 2 40MnUlCfSi: 
fclMftM^fflt^T* C©*7-fey h»*+V-biUr 

[002 1] ±I3©^iftafi^^C S L <h L. 

1 e-^tc«fcy h5y*>^*JW©-9— #XOflHR« 
K^-r^-hs 3^«aiS2 2 5T«x ttT© (2) iClC<fc 
y h7»*>yi7HitTEfl|5. 

[0022] 

K X CSL (2) 

[0 0 2 5] C©J:3ftBJH**af«fc» 

h 7 y *>^nw««lJi«J:if h 5 y * v^J»*a*a 

[0 0 2 6] 

[pe^S?;*-r^ft:46©#®] ±iB©«n*»ar*n: 
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x 7 ns^t:- uam y ^etf e>ti* 7y -> 

5y*77'X5-ft^©:i-7-by h£* + >bJl/rSh 
7 y *77*#Jffl)gWCit5^T* SflfcU>X0»M$fc 

i*±Eftr * x 7 ±X'<»% e- A©giiMft!i©giMic 

is ±iB#iS«fI^lc*1l;*tt5S§iE&a£±IB7y-7 
a 7)WI^MfcfcUTl8*T*1iiE«B«He#« 

±ia*7-b*j/ hja»K±E«s*ft«aiE»a*ii 

St. ±IB*-\'7-b;Hl^£±!B7y7a7;Hi^6 
S£L3ll N T 1*5 y*V7*Xy-ffl*«£j*-r* y* 

©?£5 0 

[0027] $/c. ±tBoEia*»»r^fc»icast 

*WJ5©hyy*V7"iWffl)gBtt* X7£!BJa 
£*X?>ftfc-A©Myftfr5^5tt37y-7a7;Hi^ 
# 6x ttiEIRRtf V >«;HI«*S L3 1 < 

X5— ft^©*7-by h£*+ y-blltZ h77+>^' 
*X*±T©#e-ix©!HMttil©MMfc*&liT£U 

■t;wi#*siars**v-b;wi%j«*»t» ±fB7 

y -7 a X/l/fl»fr S±E* + 7 -fe Jl/fl»*S L 3 1 l^T h 
5 v*V*x5Hi»*£jW* h5y *>^x5-fl 

[0 0 2 8] $fc, ±b©hh*ii3W-3 
«*aw© h 5 y * vTwwsaHi* ftx-r x 7 icsst* 

Sft*3tte-A©Ry3^S»&ft*Xy5>aX/l/fl» 
fr5, *KEflRttfl«IIII*ftfc* + V-b;Wi^*«L3l< 

i5-€#©*7Hzy V-b/U-TS hyy*77* 

-f X7±T©*6 £-^©iHftHttll©»»We« UT£ C 
3»IMe«tttt-r3gl»ft9tta}X8£. ±13* 
7 -by ha#te«»*ti5SiE«a*±IBXy5/aX;l/ 

fi*©jMtai;T««r*»jEfla»«3eiat» ±ib 

*7-by hrt#(c±iaSBt*ftSWE««*ltllLT* 

*>Hz;bfl#«^fig-r***v-b;i/fll^^iSts ± 
mmitititc 7y -7 a 7/HI#fr 5 ±13* * 7b; HI 
9CIIL3I^7 hy y*77xy-{i^££$"r 5 h5 



[0029] $f c , ±iB©HH*iiafsfc»u:a*r 
**se© h 5 y * > f&mxmt. x*\mm 
znzKe-i±<Dm y )fctfs»sna 7y ->i 7;nt^ 

Jte-^©BS»(fi!l©«i(ilctSUT«ti;5 hy y*77 
x5-fi^©*7-by h**v>-b/U-r*K5y*>^ 
•Mteatcfe^T, ^UVX©gi!)fi$fctt±fB7 , cT 
-r X7±T'©5fc fc*- £©!£ttttll©&lift(c& CT£ U 

»M9lc Kft$n3ffliE<iMk« h 5 y 7 7 * 7;H1^ 

©^tc«i;Tia*rsaEflas«*isfc, ±ib*7 

by HS»lc±EBBe*ft*ffiEfla»*SIIILT* + V 
•b;HH»*S*r**+v-lr;WI*4jaia4» ±IB7 
y -7 a 7;Ht^e±IB* + V-feJlMftS t3 |l*T h 

<94*iat**r*ct*it«i:-r*t.©T**. 

[0 0 3 0] J-X±©**WlC«fctH#s 3fc7VX*©tttt 

tfS-3*iartr« f-5y+>^tr-#©ffl«l14*|fi|±* 
** C * h 5 y * > 7"*Jffii$SB33 J: if h y y * 

[003 1] 

[^^©H«i©Jgffi] J-XTIC *«W©h5y*V^*J 
iiPSilfc cfctfh 5 y *>7"*iJ8P^©» * U**tt©fB 

[0 0 3 2] HI lis *»W©««©-»B»7»** hy 
y*V^J^«©±BS©^«*3«-Xny*B|-t? 

[0 0 3 3] C©K5y*>7SiJffllgMHts #tVX7 
6©M y 5 7y 7 a 7JHf*t£IX »J iti LT h 5 y 
*>?*JW*ff3t»©?**. 

[0 0 3 4] A73«?1 Ifcitfl 2tC(* s )t^fcfy7 
7y7fr6©Eft^fe<l:l>°Ffl^ib' ? A73*tl5.„ 
Ts MS7771 3Tiin5©Mfi^ (E-F) 
*tU Jn»777'1 4T*Ctl6©»fl^ (E + F) fi«S 

[0 0 3 5] fLTs ^1^2 0^ ffl^ (E-F) 
£ft^ (E + F) 7#»LTs ^©iSSS©«^ (E- 
F) / (E + F) «e^S«ttttiBI»3 0lCiiSS. 

[0 0 3 6] CCT's ±IB©fl^ (E-F) lis 3tx-f 

x76^e©My^s m\-znxtc&%m*M?%&%m 

ttWHtmm L Tiifc 7y -7 a TV HI* P P (cfflS t % 

fi#T'*y, cti^a«^ (e + f) T#»Lfdi^ 

( E - F ) / ( E + F ) fcs SBMb* ftfcT'y 7 a TVHUt 

NPP(cffli-r-5„ 

[0 0 3 7] ll^Sii|i«lt±J[H]ffi3 0«s mm&20ft 
6©*BWb*tifc^y->a7*;Wl*N P P©SM«tttll 
•TSo C©fca6©fti*tt«:0iMllCO^T(*fta 
"T^o C©flt«MHUUBIK3 0A'6©WHIlUfll« 



(6) 



1 -665 7 9 



(fifSffl) it. A/Dg&ElS&AOT'xv^WUflcS 

[0038] m8B&®& 5 o it. mm&ti/rfy -> 
-r^©7'>7 , 8otc«is rnmmmz.. 

[0 0 3 9] -7J. HUxELfc<fcdU\ ?V>:i 

^Bft(cfSUT7''y->a 7/Mi^P P lz£C%*7-£ 
y Fj$tt£*+;/-fe/l/L£tt*U;f. h5y*V^»JW* 

[0 0 4 0] C4>fc& ttfcUVXafcl&aSfcttJttx 
4 79±.0)%7#y hOftlttlci&CfcftttSflreKs 

fcttOflW CWFTtt, <Ue*+>-fe/l/fl»£l''3. ) 

[0 04 1] h-y7'*-;UKlH]iS6 5. 6 6fcJ:l«m 

[0 0 4 2] Attl?1 IfrSX^tfftSEfi^ffltf- 
^ U^;Utf h y X*-/b K0K6 5 T*-/U K*n*. 

"<JM* h y X*-7l> KH8 6 6 ?*-;U K*tl*. * L 
T* CCD E €^CD h y X*-/U Fffi£ F fl^CD I- y X* 
-tomtit. VMTyJl 0T;«»*nT*A'V-biU 

*fc»©»»«flMK S L t^n^o & 
&\ C<Df£!)»I4§- C S Hi. ftx-r 7.9 ±?0) h 5 y 

[0 0 4 3] *LT* I»7>7*8 0T\ CtO&IMfi 

9cs'nc, flawwiHig»5orBffi*tifctt-*ff 

[0 0 4 4] -7d, ;£»7VX7 1 ZHi, ±IB<^EfI^ 

r*«# (e-f) tfa«*n*. 

[0 0 4 5] *LT. MS7>^9 0T\ ±ifiC0:7"-y-> 
aX/Wt^PPtfSs V-/1?fl»Kfl«il»*ftfc»Bi» 
fi*C S Lfl»tfW«r*U lvfc>0« h y FX 
•y->:iX>t> (TPP) fl»£LTffia*ft*. 

[0046] mut. c©h'y^*-;UK^y->a^U 
«*TPP(c-P^T«SCWKwLT^«. rst>^s ± 

f aco e <t-^33 j; i>* f mmts tr— ? u^i/t^—su:*- 
/bFdrftfdt^T'rfi*. Kt<<791S\ 
?FxfX? (CD) ?**»fc(CH\ IB^tf-y FtfffJ 
fig* tlTl^f 5 6©M y ftcDBilftfg;*:.*: & 

y, hyXu^jb^jlSiiifc&i,,, 
[0047] 0 3 it. mmtZfttc X -y -> a 7M%% N 



[0 048] COftWIfcaJIslS&fcl*, %&Xy97 
'y7'6^<D^y->a^lWi^PP= {(i+j)-(k+l)} 
«t, $8«HI^ (i+j+k+l) £tfA?]*ns, bu^L/c 
&r>\z. CCDX-yfaXjUi^PPtifl^ (E-F) It 

«au raman* (e + f) (sears. 

[0049] ^»0iS2OT'^ ssw/vxi 3&$<d 
fl» {(i+j)-(k+i)} av tmryfy 4^6©^ 

(i+j+k+i) n*ii**u ^(D^ro^k^nfcT' 

-y->aX;WI^NPP = {(i+j)-(k+l)} / (i+j + 
k+l) jb\ hyX$-JUKSB3 2&#hA*-/l'KB 

^3 3iic3i6n5„ 

[0050] ■?■ LTx F -y X*-/U F08 3 2 T'*-;U 

F*n/-c h y ymt. # \*l*->\, fsis 3 3 t-*-;u 
c u^;u«aii2]^3 sicinenso 

[0 0 5 1] DCU^;U^di[H]ffi3 5T«, MWT'VT' 

3 N P Pfl^tD h yffr-lb mt$ h A* 
-;U Ffil<t:<Z)McD{i^S> «BMk*hfc^y->a^;b 
ff^N P POfiSlc*6UfcD C U^btf&dii-ftSo S 

*>\ c<ddc ^to^tammt. Ti-uf/TVDvg. 

[0 0 5 2] ±te<DJ:5Sfl#ffii|S^ail2liS3 0 
Affile, m&ibttitcZfy>>3.7i\,m j %NPPZ7i-n 

fil©M*ltiJ-r § £ o iz L T *> J: t\ 

[005.3] H4ii, mom^m^ta^mzait^ 

h -y KSB 3 2 fcjjtftf; h F0SS 3 3 

[0054] 14 ( a ) tt, h -y 7*-;U K08M>-«I 
£,TxLZV3o «HWb*nfcry->a^;WI*N P P 
^ Siffi?3 8fr6A7D£*u »SiR 1 fc*tflll*lR»CS 

H^nfc^*- fd i ^nLTBmc i ^3tm"r«, 

CW<!:^ §«C 1 ttNPPft^PPOg* (tf-^) 

[0 0 5 5] 1 <DM$6<DW.E.%. ftM-Ty? 

4 5lZXtit^Z:tiZ^V. S?3 8A^5A73*n5N 
P Pffi^§^JIIS(CJSi;/c:{fJ736W3 96^Jf Stl 

[0 0 5 6] CcT, SfiC 1 A^SHfe-Sf-r^— FD 1 

<DMi5fa&&it%m7y74 soxtrf y£-?y7t 
a. sac 1 (cfiitjnTi^ 

SS^tt. §»C 1 tM50tc«ig*tlT^§»$iR 2^ 
^LT»«f5o C<Dfc46, 8fitR1s fc^tf^aC 1 
iSfitR 2©^C 1 • R 2 «h LT4^.en^^S{^ 
A73*n^N P Pffl<M)fla»(c»LTaaK«:*J:5 

[0 0 5 7] 14 (b) li, *>2**-/UFl2]S8©-0J 
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£*LTV£<> Z<ommt. ±fB0 h *y 7**— /I/ KEB5 
<D«fi£<t:^T'S*!t)\ ^-C*- KD 2 <0(S)*3^ h -y 7 

[0 0 5 8] -rfctat3, NPPfi^A^*l5«?3 

D2^LT§«C2 6'!}g^tlTfcy, 073 8KA 
73*ns7-y->:i7;m^P P<7>mEtfgMC 20PO3£ 
6ffi^£Slc& gfiC 2tf$ r f*- FD 2 

pQiitomEtfN P Pfi^OSHico^ h Affllcffi^S-tx 

d©§«C2(Dil^flE*x 3W7V74 6KA 
7J-r3C<hfc<t:y, «?3 8fr6A7j;!m57-y->;L7 

;u<i^p p«g/jxSiiiicESL;/caj^6W4 1 6^e^e 

[0059] Sfc. ±fE©l°]Sg<Z> h -y 7*-;b Ffcttfc 

# k mmt, & i fcT4 7s / >te&TS&%¥ 

■y * * * ^iWHM)iaB*ttttlf 3<7>K«iIS<fc 5 K3 

[0 0 6 0] ^IC, ^tSfb^tlfc^-yi/a^Wt^NP 
Profi#i^«ai-rS7c46<D^*HS«ailHlK3 0©»JO 

[006 1] 05tt, »Wb*ftfc7*y$':i7';l/fl»N 

p P£D«ms^«aj-rsfc«)(Dfi^si*i«aiis]K3 oom 

[0 0 6 2] £0)®&T>^ ^»SK2 0T^k3-tl 
fc7-y->:i7jHl^NPP<DDCfi2#£. DCf&^SSg 
3 6 K<fc »J * LT, I* v 7*-;b K0SS 3 3 

T' h -y7*-;U K**lfcffl*» »ft7V73 7T'2fg"r 
SCifcJ:^ DCU^n/£ttlls]B3 5?«Bfl«ft 
5. 

[0063] C0<t5tc. hy7**-/l/KiaB&$hi» 
K0»t SfflfS C <k & < . h -y 7*-;u HI 2 
<n LTN P P«^<Dffi*l£#«>Tt.J:i\ 

[0 0 6 4] U6tt. u±mwLtcm^mm®iii®mc 

[0 0 6 5] ^b?nfcy-y->a^;WI#N P Pte. 

J*? 4 2frex^?*x. sac 3 T-*©a-3&##pi±* 

7; Ml*? N P P 6\ m- 4 3 5 di*j3-ft3o 
[0 0 6 6] C0)DCfi£^Sl2ll»<D^14tt, & 

JGtV X^fccfclfS^ tf-y * 7 -y 7T1#5n37-y -> 
a 7/m^ifcSU* h 5 -y 7 7 * 7/IHI?OStt&tttij 

[0 0 6 7] $7c. SJSBiiSS7<r>U*£;H 
figf « D C RKaBc Bil*ffilw LTl**tf» C<Df6fc7-y -> 

a 7;uft^ p p *tc\mmt% h^vto* ?' Mm ft 



[0 0 6 8] 3MC» *Sg^<Dh5y*>7"gB<D&J<*>§l 
[0 0 6 9] S 7 tt, *^(DHSS<D-^Ki LT(0 h 
70T'£S„ 

[0 0 7 0] CKDh^ y + V^Jffllggtt. ftx-rA* 

n7/l/{i^PP<Z)*7-fey h^iiLTh77*^"i 

[007 1] AJjias^l 1 1*5J:l/1 1 2lctt. 
•y77-y 7fr6<7K Efl^fc<fctf Ffl^tf A7J£tt3„ 
*LT> i£*7>7l 1 3T'liCtl6<DSfi^ (E- 
F) tf£$£*U &D»7>71 1 4Tttdtl5<DfQfl^ 

(E + F) tf£j$3"tlSo 

[0 0 7 2] ^-LT> MtWlBlKl 2 011 (E- 
F) ^ffl^ (E + F) TUMULT, *©teJBOfl^?a5 
^«ttfb3-tifc^yi/a^;Uffl^ (E-F) / (E + 
F) «-ffi#ffi*i«ail2lBl 3 0(Ci!t5c Sfcv CCT- 
tt. h 5 -y -7 ^ * ^;Wi^T W*SBttffi Lfct©6\ 

[0073] «fHs«ttttisei 3on MdiiBiei 2 

K3 oomwwt LTmLtc*>otmm<D{2\&*m^z 

ffltt, A/DS«iaKi 4 0T'rv > ^;wi^casi*n 
Tv «a»m0iKi 5 0KS5ti3„ 

[0074] ^SmailHlSl 5 0li, h5-y*>->"-9— 

>:7i solera (^-o) »j»fl!a*2i5o ciw^is 

gtiJIslSSI 5 Ott, V'T^PZlVlfa— Jf^ilC^Uifg 

[0 0 7 5] -73. MSLfccfe^^ le-^atcfcw- 

VX1 2 3<D^l!)»$/c^7 l 6x'fX^2 0 0±©7 l 6X*° 
•y h 2 2 4(D^ii!)*lct£;i;7c^ii»fi^ffl^T. 7-y 

So 

[0 0 7 6] /\">HV\ 0 A7-r;i/^i esfcio-'i 6 4, 
h«y7*-;UKlHll8i 6 5fcJ:^i 66, i$,W7yzf\ 

[0 0 7 7] Afim? 1 6 1 6 A733-ft* affi^*, 

K/\'X7-fiW 1 6 3£fl-LT h'y7*-;b KOK 
16 5lCj^Sn, 7U^/l/tf*-;l/K*ft£. [Bltt 
K, ATJ^I 6 2 6^A733-n^dffi^n M>K7\° 
7x7-f/U^ 1 64^LT hy7*-/l/K0i81 6 6K 
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•y 7*-;U K08 1 6 5 1 6 6 605 h y 7*- 
Jl/KBtf* ^ST'VT'I 7 0T-a**nT. 

±IB0>aflre&J:tFdtt9li. gftEtf 4#9J;!rtt 
fc^aJSWPP&cDgft^Ea fc^^S^S^d #6<D 

[0078] -hiB©/tVF/to7-f Jl/* 1 63. 

1 6 4(Diiii«Ja(Dtf ifrSafcSW*, Jfcx-rX^Oh^-y 
?0)K?*7*J ><f<0m&&T°&Z1to2 2 k H z (C?tlT 

[0 0 7 9] *LTx ji»7 7 >7l 7 0T\ f-y?*- 
K0B 1 6 5 6>© h -y 7*-/U K* ftfc a ffi^ 
h -y KSB 1 6 6 6<D h y K*tlfc 

dH^tt\ BB**lT»»»I#C S L 
5o &*>\ SujitiLfcJ:5lc. ±IEtf>8f!!»<i^C S L 
(i. #7VX*±T*<0h5'y*£#X?K , y ttOtftm 

[0 0 8 0] *LT\ y-T V$iJiSI7V 71- 8 0T\ CO 

©ift»fi#csLic, ft&Bwmisign 5 0T-iS^?n 

fc*-5pfl»Kwfl«»||**U MS7V71 9 0KS5 

[0081] ■?• lt> mwrs-fy 9ot\ mm-?-; 
-> a -fiwmfr e. it- *«» k w # Bftg-hfcBiu 

«§CSL ft, h 5 >y 7<D7 * 7/l/JMlc 
(SCfc^'y ->a T'yHl^W P P ,h LTJti7Ji-tlS„ 

[0 0 8 2] B8& 3tt7VX*(C«»8;!r*lfc9*7;U 
h 5 -y ^CD^^SxCWlc^LTt^o 

[0 0 8 3] SrtS6^T (**7/U) StlTJtM** 
fc3tx-fX^3 0 0<Dh5-y-7 (9*7/1/ 3 
0 1 icmftZftZftXtfv h 2 2 4<DS ( y3t©?$g3!)^ 

<D'7*7/ncffiL;TSii*n5c:^(cj:yv 77->i7 
;Wi^ p p c t t*$3„ 
[0 0 8 4] C<D<fc-5&9*:7>h5-y*tt:, 

laspr^^mT-fX^icffl^enTi^o maw* 

LTIi> BuSE0)<j:5lC'5*^UJS»3S^2 2kHz<b5- 
*V h^'y^tT-y^M. 6/jm, 9*7/K0*ilItf 
0. Oifjmttnrc. BS6 4mmro^BaMT r -rX^ 
6^5„ c:(7)r77i-7;H-5-y7^^-r«Ji<!:lcJ:y, 

[0 0 8 5] H9«, h 5 *y * * * :f;HI*T W©SB 
*«ltii-r5fc46©Ji*S«iail2l^1 3 0<7)-«IJ^TvLT^ 



[0 0 8 6] C<D£4s£iijfs]gM 3 01*. M3£®jf43& 

e><om v %«siM*tti lt*i* h 5 -y * ? * t 

[0 0 8 7] H(D<i^Jiti«iail2]Kl 3 0Ktt, ft^t: 
>y<77v7frZ<D-7v~/3.7)\,im {(i + j)-(k+l)} 
t. &%iim (i+j+k+i) t&XJri-m. z.<J)-f>> 
i/j.7Mmttm^ (e-f) jcffliu &«Hi^i;Mi 
# (e + f) (cfflar^o 

[0 0 8 8] P&W[s]8g1 2 0T'(i. WMTy-fy 1 3fr 

6<d#^ {(i+j)-(k+i)} t\ mnyyyt 1 4#e 
©ffi^ (i+j+k+i) mws-tv {(i+j) 

-(k+l)} / (i+j+k+l) h ;U KIUSS 1 3 
2£#h&*-jbKBBl 3 3i(ciien5„ 
[ 0 0 8 9 ] * LT, h •> 7*->U KBB 1 3 2 T'*~ 
>U KSftfc h >y 7«£, * h A*-;U KSB 1 3 3 T'* 
-frFtntz* tomtit. WBTyfl 3 4T'M»* 

[0 0 9 0] -?-LTs COh5-y^r7*^Hi^TW 
tt, DCU^U&dilHlBl 3 5lc5Mbtl. ^<D«SitHcjS 
Cfc D C U^UtffciiJS-tl*. 

[009 1] 01 Ott, h5<yJ"?*^;Ml^TW(Dffi 

*i^«aj-r^fc46^i^iii«ai[E]K 1 3 oosuo-^j 

[0 0 9 2] CC0BW4. BBSB1 2 0TStBfb* 
nfc. r> * h 5 -y 9fr5©77 -> n ^Uft^O D C 
DCPiSIslBl 3 6tc,J:»J^-r5o ^LT, 
h v Zf*-fr K0B 13 3T4 7 K Lfcffl^. ' 
-3IW7'>^1 3 7T'2fg"r^s:<!:lt < i:y, DCU^U^ 
ttilslB 1 3 5 ?£4gB&?#&. il<DJ:^lc, h-y^t>- 
;UKIsIB<!:#hL l *-/UKl£iai:*ffl^-5c:<!:S<. h 
•y ^*-/U KB* 2<gLTh5-y7'5* JlHi^T W© 

[0093] *?|B^<7) h 5 •> * V^JSOSB©* 

BflWBBJCo^TKRIf*. 
[0 0 9 4] hukEL/c, *5?^c#5h5-y*>^Jffli 

*l**-#fl»Ktt, «iJ^.«'^aJS2 2 51CA»-T5. 
£3WTS«Hbtfftfc7y i/a^il/ffi^N P P<DffiitsB 

[0 0 9 5] CO^b3-tlfc^>y>a7;Hl^NPP 
tt. WT© (3) iCT4x6n^„ 
[0096] 



NPP = {(i+j) + (k+l)} / (i + j+k+l) 

ztcs mmh^v^yfjL^-m^TEits wto [0097] 

(4) itetdt (5) iC7-4^5ni.o 

TE = (i+j) + (k+l)} - K(NPP) XCSL 

TE = (i+j) + (k+l)} /(i+j+k+l)-K(NPP)xCSL 



(3) 



(4) 
(5) 
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TE^5fc»tC«. 3fcxVX7§l=NPPfiI£;£a&:h. 

[oo9 8] znmmti-ntczfvzsi.T'iim^ 

NPP<DS<@flro«ai«> suSBLfcJ:-^ h5-y*V 
{Tit-4t*tHt«t^«nT. mitZfttcfv ->:l 7;b 

mm* ppohv 7is*nt$ h/*u^u^-?-n? , *i* 

-;bKLfc<i^<DMIMi<!:LT> $fctt^b*n/c^ 
•y->a^Jl/fl^N P Pfr5DCfi£tt£l&£L/-d£©<i^ 
Tw = {(i+j) + (k+l) }/( 

K w«7 * 7;U H 5 -y "ffl^T W(DSafflTfe^<DT\ 

TE = {(i+j)+(k+l)}-TW 
TE = {(i + j) + (k+l)}/(i + j 

n*sr«6^a -y *@T*;&5. 

[0 10 3] $?\ 7fcx-f-7?6 s 5i#6tt37'y->:L7 
/bft^P POjf *l$fcli7 * 7/U h 5 -y ?fi^T w©jf 

m& «wtKai^a2 3o?«»6ti«. 
[0104] cneosNfli*. 

(A/D) £&^IS2 4 0?x^l/fI^U:g&**U 

* 2 5 OKIXy&gtlS,, 
[0105] C<0?-r^D3>tfa— £2 501*. h5 

»?*y» A/Dg&#IS2 4 0£rt-L-TA7D;!rttS7 
•y -> n 7;HI^ P P <Dif 4HI$ /el*-} * 7/1/ h => -y 

^Tw©*s*ifiiicu;i;T> y-f>wwi*icj:yfKar 
sssg2 8o^»jjai-r5o ±E©i«wt7'r 

tnztyXn.-'. f 2 5 0-p»m*nfch5y + V^- 
^OMftflK (Kw) <htt\ JfcrVZ**l!:#a&Sft* 
ffiT*£ y , t 'J 2 5 5 KttttihT^a < <t fcftxV 

[0 10 6] 1 tr-A;StcJ:5h3-y*>^©fc 

»o«g<D+f-^ia k * mat ztcttxDm&T&z k 
(npp) ^fc«Kw (Tw) \t. KT-iztommc* 

tic. fro. n&S/fffl&ztlcli&TZIiib* 

So 

[0 10 7] Sm§§2 8 0fc):, 7-f^P3 £ 2 

5 ofrs®y-r>iwwiwci&i;T» c s Lft^ur-y— 

<t»<DfilK (NPP) £fd*Kw (TW) fcSJ** 
3o C©CSLft^(i. BuiSL/i:J:dt=^ ^tf-y-77 7 
•y7<D«!|!5lU>XO^i»«^/- i :^X'f7x^±<D3t7s^ 

•y h©»Mte(Si;fcfi<re65 0 



[0 0 9 9] -73. ■f^^/UK^'y^^fig^tlfc^x 
-r X^T-ti. h 3 -y * V??- tffctfttfctte? h77 
* > 7"+t- #«>ftft K w£ £ <!: tfT'* 5. 

[0 10 0] 7*7/1/ h5-y-7fl^TWli. «T© 

(6) 5tT'5*5ft5o 

[0101] 

i + j+k+l) (6) 

tt. UTO (7) (8) 5W>>15«=J:y*»e. 

[0 102] 

(Tw) XCSL (7) 
+k+l)-TW (Tw) XCSL (8) 

[0 1 08] *LT. M»§g290T\ 7-yi/a7JHt 

mwm**tiTs h5-y*>'7"X7-fi^290<!:L 
Tahiti*., 
[0 10 9] 01 2«, ±IE<DSit&{b*tt/c7-yv/a7 

;wi#n p p®&mcttr*Kwiia>£ib«srMk 

[0 1 1 0] C©«fc-5t=, 8tt&{b£ttfc7-yS/:i7/l/{I 
^NPPOiPIfilfclSUT, »- ^SKOffli^bf 

[0 1 1 1 ] Hi 3tt, *8B£l=«£> h 5 >y* >.?MH 
*y» 8te<b*n/i:7-y ->:i7/Mi^N P P*J8 

[0 112] ^"T> XT'y7*S1T* 7 + 

3f67 ; 'r77CDfl#S±lc^r5 < J:'5^i*'n5o c<D<b 
h5-y*>-7"-y— <tt«*>5-txTfc5-r. t^x^X 
7±lc^»*nT^5^X#-y h«x $/ch3-y^ 

[0 113] ^(=. 7x-y7S2T\ ««Mb*ftft7'y 
->a7;m^NPP©Ss#8Jfc;!rtt3o cci'ii, tu 
ii Lfc £ -5 l=x h -y 7"*-;b K0SHP# h KS 

#^A/D^L/i:^l=2fi<b-r573^ «tt<b*tl 
fc7-y-7:i7;Hi^N P P^A/DS^Lfc^c2m 

[0 114] :M=. Txx-y 7*S 3 T*s ttm*nfe«tt{k 
*nfc7'y->a7/Wl^NPPOJi*Bfi6>5^ 5®^: h 
3-y*V7"ffl^TE^^6n5-'t-^iSK6^tiJ?n 
5. SjISh^-y+V^ffi^TEttt, 3t^tf 

•y^7-y7. #xV7-y\ h5-y*V7"»Jffll75^;'S:£© 

#if*ft/-dS8l=*fLZ\ l*7y^rtitf«t>/hir<ft 
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T, 7<*na>e2- 5'-¥>-5tm7p-ti-y-yill;:<fcy;8 
»£ffd;:<!:K:j:y*466ftSo Sfc. ±IB09NflHi* 
$teffcjftfc7 > y->a7 > ;i/fi^N p p^JSgfiicft-f * 

[0 115] ^x-y^S4T% JUBSftfc?-* 
Si&*$fdift7VX7±<D#X;Jfy ha&KftlcftC 

So 

[0 1 1 6] *LT» ?-<1*ffltik4>fl 
KtfgHJft/c (KfcSftfc) CSL«Wr>a7 
/WMPPfrSWiarftT, E>I&h5y*>7"i5- 
ft^T E *»5fctt©Si«Hbir*lfc7*y fa^WtN 
PP3b^*n«o CCT** ±IECDK{g3-ft7-;:CSLfi 
94>Ottl& «»U>^MWO^y S^a^iMI^P P 
<*>*7-fey h©StttBU?*y, Jmu>X8»l§<D 
^•y->a^;Uffl^P P<D*7-fey >-klltZ* 

[0 117] CLhO^MtCJiU. Jfex-fX^frSa^H 

[0 118] *lc» |« 5 

<fc y , 7*7^ h 5 y ^IWOWWeJB^T?-** 

[0 1 1 9] HI 4 (4s *aWlcfl.«H5y*>^J» 
J: y » 7 * 7VU h 5 y 7«*T WfcJllvCtf- # 

mwL kw stun- 5S*wssas#in^-r 7 + 
[0120] **\ TsTvys 1 1 7*-ax-y 

6\ ftx^X7©fi^E±lc£mT5.£?U:3-tiSo d 

[0121] :^c x Xr'vT'S 1 2T\ h5-y*>7'-y 

<D£Z, 7y->a77Ml^PPx $tdtiR<W—$im 
omZWtfcLtcW P Pm^ZtcteT P Pfl^fflt^T h 

[0 12 2] :*lc, XxyXSl 3T% h5y*V7"f&iJ 
'mtitcWM?0)7v -> a ^JHI^aiWCtt: U 7 * 7';U 
h5y7<l#WT©Hitf8dJJtt;5o CCTBs bukE 
Ltckolc, h y T^-zU FEW** h KESS 



K0»*fflL^T U^/l/*-;U K<1# 
fcA/Dg&LfcglU: 2ffi<bf 37J2r¥\ MMtZtltc 
7y -> a 7; Ufi^ NPPfcA/D&fc Lfc&lC 2 fiHb L 

[0 12 3] Xf77"S 1 4T\ WBStlfc 1 ?* 
7;U h 5 y 7fl*l T WOHBflfr 5« h 5 y * V 

CT\ «>§£h5'y*>7*ft^TE,>:tt. #^y77 
y7\ ^7-fX^> h5-y*V7"*Jffll7j^t*©jl^ 

5y+>7~i5-«^T*£5. *L7\ JKW-tf&a 
Kwli, ^A6#4&Tfc^fclI3tfc£E^T. 7'T7Pa> 
tf a — ? ^;H»7n -b y We «fc y -pCilcj; 
y*466tl5, ±B<D®mt. 7*7;Uh5y7 

[o i 24] 1 5T\ wais-nfc-y- 

§7>7'ttaL. v-tm&v>micm)iaTZ7>y?-< 

>Z if ? □ zi y tf a — Sr«&e&m?-3 c <!: lc J: y 

[0 1 2 5] 3rL7[\ 777 7"S 1 6T% -y-^SW 
fiiKwd^SS-tlfc (Kwig*n/£) CSLftW? 
-> a 77Wi# P P 6^6 -MW* tiT» kSS h 5 y * > 7" 
15— E£if 5/c»CD7y->a7';MI^WP P6 1 : 
SfeBEJtl^o c:?, ±fB©KwfS£ttfcCSLft^<7> 
SttU. »tlU>X^i)^<D7'y->a7;MI^©7|-7-b 

y hroaittPicTsy, n^yxmmmvszL 

[0 12 6] W±0#liilcj:yx 7*7*/l/h7y7ft^ 
©ffiiH U a;;u^ h 5 y * v 7*?-*©fl»*»£ 

[0 1 2 7] JJ(±l»BflLfc*S^©IIJfi©^ffiT- 
01 6lC«IJ^(7)7 l c^ ( c fe ^T^aj§g2 2 5^ 
ffl L T h 5 y * > f»J W* 3 L TBW L fc 

A\ fflx.lt, mi 607 l 6Siai§§2 13,21 5CD<fe3 
Jfc^-f 77TJ5W*nT*/5:7 , c7s*>y 1 lallsMff 

5o dn50i 1 61tai8i©§7 l 6®0»l'J73fpl4:> 3^ 
5«i?SliS<. ¥^a4 5gSg<Dftg$T-HJtcii 
[0 12 8] 
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7t7 hf£#£*v>*>UT.5/ca6©*+>-fc;MI^t;: 

T'$« Lfrfc h 5 y * V W-#©«ft©R36*IBIMb 
[0®<DfBHifcf8B,S] 

[0 1 1 *»B(c«* K5v*>^JWIB©«rt«y* 

[02] TPPffi4lCO^TM9H-&fca«>B?S&. 
[03] ««Mb**lfc^y*>a^Wi*NPP©Jfifl* 

tta-r*fc»©ffl^iaittaiig»o-«i*/T»fH-p* 

So 

[04] ±E®aMmuiBB(cjfl^64i«hy7* 
[05] «*Mb*tlfeyy^ayibfll^N P P0&4S& 

[06] ±EOA«tttiligK«>DCRMHanoHM«9 
[0 7 ] *8Bmz:&£ h =7 ?*>9$nH«cOgj0)ttlj£ 
[08] 7 * h 5 y * (co^TBWBT «fctM»? 
[09] 9*7Jl/K5ry*«*©M*ttlHT*fc4M!> 



fi*ssiai0»©-«i«5 i x'r0T**s. 
[010] «?*^uh5y^fli#Tw©wi*ttair* 

fcttfl)fll*R*Wttlia!M)»l©-«*srHTa6«. 
[011] *9M!fcft«h5y*>4M«9MJM- 

[01 2] swMb*nfc^y->ar;wi*NPp©iaa 
ffltc»r*^-#fl«K©tt©»b*arBtto-ffii* 

[013] *^B^lc^^5 h 5 » *> J: y , 
SHMb*tifc7yS'a7/Ufl»N P P*ffl^T-9— 

[014] *ft&t;:tt3 h77t> iflMWaic J: y s 

*w-r5**M^S!ig#iii^-r7P-5 i -»'- kt* 

[015] 1 tT-ASlcty K5y*>-7"x5-fll^* 

[01 6] ±%Z(DX¥mzmv<E>ftZ>m%liiM<D&KM 

11.12 A***?. 1 3 M*7>7\ 1 4 
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